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Introduction
There are unbalances during the operation of many rotor machines and as a consequence, there are vibrations of the case of the machine. The rotors of such machines should be balanced on the move by passive auto-balancers [1] [2] [3] .
In the process of developing the passive auto-balancers for balancing of rotors of specific machines, the following problems are investigated (theoretically or by computer modeling):
-the principal possibility of balancing of a specific rotor by passive auto-balancers of any [3] [4] [5] [6] [7] or certain [3, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] type; -the possibility of improvement of the accuracy of balancing and reduction of residual vibrations [2, [19] [20] [21] [22] 25] ;
-the possibility of acceleration of the auto-balancing onset [3, [23] [24] [25] [26] [27] .
After this, the process of rotor balancing by the passive auto-balancer is experimentally investigated, in particular, the quality of balancing is evaluated [28, 29] .
Research of the transition processes, which occur during auto-balancing, is the most difficult. Analytically, these processes have been studied in the few works [3, 13, 14, 17, 18] . This is due to the complexity of the differential equations, describing the motion of rotor systems with auto-balancers [3, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Alternative methods of research are the numerical experiment and 3D modeling [9-11, 14-16, 25-27] .
Centrifugal machines can be conditionally divided into those, in which the unbalance changes:
-slowly (CD/DVD drives, drums of washing machines, extractors, centrifuges, separators, fan impellers, aircraft engine rotors, etc.); -fast, impulsively (centrifugal crushers, hand grinders, centrifugal juicers, drums of some extractors, etc.).
To date, centrifugal machines, in which the unbalance varies slowly, have been more investigated [25] [26] [27] [28] [29] . Therefore, it is important to study the process of auto-balancing of rotor machines under the impulse change of the unbalance by 3D modeling.
Literature review and problem statement
The designs and operating principle of classical ball, pendulum, roller, ring auto-balancers have been described in [1, 2] . In this, in [1] auto-balancers, designed for balancing drums of washing machines, and in [2] auto-balancers for balancing various fast-rotating rotors have been described. The most complete history of passive auto-balancers, the operating principle of auto-balancers, the scope of their application have been described in [3] . The designs of non-classical auto-balancers have been also described. In these designs, the auto-balancers of special shape can rotate in a certain way around a point on the longitudinal axis of the rotor.
The principal possibility of automatic balancing of various rotating bodies by passive auto-balancers of any type has been studied in [3] [4] [5] [6] [7] for:
-the rigid rotor, balanced by one auto-balancer and performing plane, spherical or spatial motion [3] ; -isolated rotating bodies (artificial satellites of the Earth, or space vehicles, whose position in space is stabilized by rotation) [4] ;
-the rotor with a fixed point and an elastic support [5] ; -the two-support rotor, which implements spatial motion [6] ;
-the rotor with an impeller, on which aerodynamic forces act [7] .
The empirical criterion for the stability of the main motion [4] or the empirical criterion for the auto-balancing onset [5, 6] has been used in investigations. The criteria are the most effective methods for determining the conditions, under which auto-balancers of any type and in any number can balance the flexible or rigid rotor on certain supports.
The conditions for the auto-balancing onset during balancing rigid rotors by passive auto-balancers of a certain type have been determined: -for a two-ball auto-balancer in the framework of the flat rotor model, the rotor model with a fixed point, the rotor model on two elastic supports [8] ;
-for classical and non-classical auto-balancers in the framework of rotor models, in which auto-balancers move in a plane-parallel manner [3] ; -during balancing of the rigid rotor on two isotropic elastic supports statically by one two-ball auto-balancer [9] and dynamically by two two-ball auto-balancers [10] ; -during dynamic balancing of the rigid rotor on two anisotropic elastic supports by two two-ball auto-balancers [11] ; -during the static balancing of the rigid rotor, placed in a heavy elastic-viscous-fixed case with a small [12] and a large mass of an auto-balancer [13] by a single multi-ball auto-balancer.
The conditions for the auto-balancing onset during balancing of flexible rotors by passive auto-balancers of a certain type have been determined: -in case of balancing of the massive two-support flexible rotor by one and two two-ball auto-balancers [14] ; -during balancing of the unbalanced disk, mounted on the flexible weightless two-support shaft by one [15] or two [16] two-ball auto-balancers, when auto-balancers are mounted on the shaft at a distance from the disk; -during balancing of the massive flexible rotor on two elastic-viscous supports by two multi-ball auto-balancers, mounted on the shaft near the supports [16] ; -during the dynamic balancing of the flexible massive rotor on two compliant supports by two passive auto-balancers, located near the supports, also in [17] , the conditions for the auto-balancing onset have been determined, and in [18] , transition processes have been investigated.
The influence of various factors on the balancing accuracy has been investigated in [19] [20] [21] [22] .
In [19] , it has been shown that the main reasons for the decrease of the accuracy of the rotor balancing by passive auto-balancers are the eccentricity of the running track, the rolling resistance forces of correction weights along the track, external vibrations, and it has been shown that the less the eccentricity and the dry friction forces, the less the error of balancing.
In [20] , the effect of rolling resistance forces of correction weights on the accuracy of the rotor balancing by ball auto-balancers has been estimated, and it has been suggested to reduce the rolling resistance forces of the balls by increasing the radius of correction weights.
In [21] , it has been shown that small external disturbing forces can excite oscillations of the balls in the vicinity of the auto-balancing position, thus affecting the auto-balancing quality.
In [22] , the balancing accuracy has been studied with allowance for the dry friction forces and shocks between the correction weights.
It should be noted that the transition processes, after which an auto-balancing occurs, have been also analytically investigated in [3, 12, 14, 18, 21] .
In [23] , the parameters of ball (roller) auto-balancers have been proposed, at which the auto-balancer has the largest balancing capacity in a limited volume and which ensure the fastest auto-balancing onset. It has been shown, that the largest correcting weights, placed in the auto-balancer, create the largest balancing capacity. It has been established, that the auto-balancing onset is accelerated with the greater number of correction weights.
So, the works allow us to conclude whether it is possible in principle to balance a certain rotor by passive auto-balancers; how to improve the quality of auto-balancing; how to accelerate the auto-balancing onset. Let's consider this on the example of the centrifugal juicer.
The rotor of the centrifugal juicer carries out spatial motion. The principal possibility of static balancing of such a rotor by an auto-balancer of any type has been proved in [3] . Taking this into account, technical solutions for the modernization of the centrifugal juicer with the cylindrical sieve, with both manual and semi-automatic ejection of pulp, for static sieve balancing by one auto-balancer have been proposed in [24] . In the work [12] , the process of balancing such a rotor by the multi-ball auto-balancer has been theoretically studied, and transition processes have been investigated.
In [23] , general recommendations for increasing the accuracy of the auto-balancing onset and reducing the duration of transition processes have been given. These recommendations are applicable to the centrifugal juicer.
In [25] , it has been established that it is expedient to estimate the rotor machine operation with auto-balancers based on residual unbalances and the duration of transition processes; methods for optimizing the parameters of the ball auto-balancer for minimizing the operation quality functional of the rotor machine with an auto-balancer have been proposed. In [26] , methods of selecting statistically suitable regression functions, when the duration of transition processes is the quality functional have been proposed. Using the proposed [25, 26] methods and by 3D modeling, the parameter optimization of the auto-balancer that statically balances a centrifugal juicer at its run-up and constant unbalance on the example of minimization of residual vibration accelerations [25] and the duration of transition processes [26] has beencarried out. In this, it has been found that without the parameter optimization of the centrifugal juicer and auto-balancer, the value of residual vibration accelerations can exceed the smallest possible value by 30 %, and the duration of transition processes -by ten times.
The conducted studies are not completed for the following two reasons. First, the unbalance of the centrifugal juicer varies impulsively, and studies for the parameter optimization of a centrifugal juicer and auto-balancer under such a change of an unbalance have not been carried out. Secondly, experimental studies have not been completed.
So, it is relevant to optimize the parameters of the centrifugal juicer with the ball auto-balancer under the impulse change of an unbalance at cruising velocity of the rotor using 3D modeling.
It should be noted, that unlike the centrifugal juicer, studies for axial fans are logically completed. So, in the work [27] , the parameters of the axial fan and two-ball auto-balancers that balance the centrifugal juicer have been optimized by 3D modeling. In [28] , the efficiency of dynamic balancing of an impeller of the axial fan by two-ball auto-balancers has been experimentally determined. And in the work [29] , the efficiency of static and dynamic auto-balancing of an impeller of the axial fan by one and two ball auto-balancers has been experimentally investigated, vibratory accelerations on the run-up, cruising and run-out sections of the impeller have been estimated.
The purpose and objectives of the study
The purpose of the work is to study the process of auto-balancing of rotor machines with ball auto-balancers under the impulse change of a rotor unbalance at cruising velocity by 3D modeling.
To achieve this purpose, it is necessary to solve the following research problems:
-to develop the most unfavorable laws of the impulse change of the sieve unbalance;
-to test the efficiency of the previously developed methods (of optimizing the parameters of the centrifugal juicer to minimize the duration of transition processes under run-up of the centrifugal juicer with the fixed initial unbalance) under the impulse change of an unbalance at cruising velocity; -to investigate the influence of the auto-balancer parameters on the duration of the transition processes and to test the previously obtained theoretical results, concerning the influence of the number of correction weights in an auto-balancer and the radius of the auto-balancer running track on the duration of the transition processes;
-to compare the results of optimizing the parameters of an auto-balancer and the centrifugal juicer, obtained under run-up, with the parameters, obtained under the impulse change of an unbalance.
Methods of researching the transition processes under
the impulse change of an unbalance
1. 3D model for conducting the experiments
Modeling is actual for the centrifugal juicers with a cylindrical sieve, with both manual (Fig. 1, a) , and semi-automatic ( Fig. 1, b) ejection of pulp. а b Fig. 1 . Photographs of the centrifugal juicers: a -with manual ejection of pulp, b -with semi-automatic ejection of pulp; 1 -the device for ejection of pulp; 2 -the hole for the exit of pulp; 3 -the tray for feeding of raw materials; 4 -the axis of the sieve rotation
In Fig. 2 , using the centrifugal juicer "Rodnichok" (Ukraine) as an example, the main units and parts of centrifugal juicers are shown. Modernization of the centrifugal juicer [24] consists in planting the platform, combined with the ball auto-balancer (Fig. 3, b) , instead of the platform in the form of a disk or cross (Fig. 2, e, f) on the rotor shaft (Fig. 3, a) . а b Fig. 3 . Modernization of the centrifugal juicer: a -the drive; b -the platform, combined with the ball auto-balancer; 1 -the drive shaft
In [25, 26] , the 3D model of the modernized centrifugal juicer has been created in the Solid Works computer-aided design system using the Cosmos Motion module.
It is the model that is used for conducting virtual experiments.
2. Methods of conducting the experiments
The methods, proposed in [25, 26] and that takes into account the operation features of rotor machines with an auto-balancer are used in the experiments and analysis of the obtained results. The methods use the theory of multifactor experiments and include:
-description of a "black box" [25] ; -methods of selecting a statistically suitable regression function [26] ;
-planning and conducting a multifactor experiment [25] ; -study of the obtained results using the STATISTICA software package for statistical analysis of data and the MathCad computer algebra system [25] .
Main assumptions, simplifications, hypotheses. The pressed mass of the processed raw materials forms a predominantly static unbalance on the sieve. The moment unbalance is small and it can be neglected. It is assumed in modeling, that the plane of the static unbalance is equidistant from the upper and lower sieve edges. The ball auto-balancer is under the sieve. Therefore, the distance between the plane of the static unbalance and the correction plane is 35 mm.
In the most unfavorable for auto-balancing cases, the sieve unbalance changes impulsively, in a short time Δt. It is assumed that a decrease of the duration of the auto-balancing onset, after a change of the unbalance leads to a decrease of the average vibration characteristics (mean square movements, velocities, accelerations). Therefore, the optimization is carried out according to the duration of the auto-balancing onset (the duration of transition processes) at cruising velocity of the sieve rotation.
In all experiments, the balancing capacity of an auto-balancer is the same and equals to S AB =977.88 g mm.
Modeling the impulse change of an unbalance. The force from the static unbalance is modeled in the Cosmos Motion module using the "Action Only" instrument.
The vectors of the forces lie in plane, equidistant from the upper and lower sieve edges. The forces, applied to the sieve are perpendicular to the axis of rotation and directed away from it.
In the experiments, the forces are given three different discrete values: small (15 N), medium (70 N) and large (96 N). To balance these forces, 16 %, 73 % and 100 % of the balancing capacity of the auto-balancer, respectively, are used. In this, the balls in a two-ball auto-balancer diverge by 163 о , 90 о and 30 о , respectively. The modeling process of the impulse change of unbalances is shown in Fig. 5 . Fig. 5 shows the following time intervals: [0; t 1 ) -the sieve is accelerated to the cruising rotation velocity;
[t 1 ; t 1 +Δt) -the force F 1 is "on", Δt=0.05 s; [t 1 ; t 2 ) -auto-balancing onset is ensured and the balls come to the first auto-balancing position;
[t 2 ; t 2 +Δt) -the force F 1 is "off" and the force F 2 is "on";
[t 2 ; T) -auto-balancing onset is ensured and the balls come to the second auto-balancing position.
The duration of transition processes is estimated at the most unfavorable changes of an unbalance, that is, when the balls (in a two-ball auto-balancer) must implement the greatest angular movement along the running track for coming to the auto-balancing position. To determine the moment of the auto-balancing onset, a vibration diagram of the instantaneous value of the vibration accelerations module of the point of intersection of the rotation axis with the horizontal surface of the upper cover of the centrifugal juicer is used [25] . As the auto-balancing onset moment of time, the moment is taken, from which the vibration acceleration diagram falls in the band [a st -Δa; a st +Δa], where a st is the vibration acceleration on the steady motion, Δa is the half-width of the band. For all experiments, Δa=5 mm/s 2 . During the experiments, fixed values are given to a part of the mass-inertia parameters of the centrifugal juicer, and the duration of transition processes is minimized with another part of the parameters.
Within each multifactor experiment: -fixed values are given to the balancing capacity (S AB ) of the auto-balancer, the radius (R) of the balls running track, the number (n) and the radius (r) of the balls in the auto-balancer; -minimization is carried out using the coefficients of elastic forces (k o ) and viscosity (b o ) of the supports, the viscous resistance to the relative motion of the balls (b b ).
When optimizing the parameters of the centrifugal juicer, first a regression function is found in the form [26] : In [26] , the function (1) has been determined as the most suitable for determining the duration of transition processes during balancing the centrifugal juicer at its run-up with the fixed initial unbalance.
As controlling factors, the parameters k o , b o , b b are chosen. In this, the block diagram of the "black box" has the form, shown in Fig. 6 . Table 1 . Table 1 The values of control factors in dimensional and dimensionless forms For carrying out multifactor experiments, a two-block Box-Behnken design is used for 3 factors and three levels. In each multifactor experiment, 13 virtual experiments are performed at certain values of the control factors.
Statistical analysis of the regression model (1) for each multifactor experiment is performed using the STATISTICA 6 software package similarly to [25] [26] [27] . In this, two main indicators are used: -Student's criterion (t-criterion) for determining the statistical significance of the regression coefficients; -Fisher's criterion (F-criterion) for estimating the statistical reliability of the obtained (initial or simplified) regression equation.
The obtained regression models were investigated for the minimal value of the functional t tr in the domain of the change of the control factors in the MathCad 15 computer algebra system.
3. Types of experiments, conducted on the 3D model of the centrifugal juicer
There are two types of experiments. Experiment 1. The efficiency of the methods, proposed in [25, 26] , is checked for the case of the impulse change of an unbalance at cruising velocity. The influence of the number of the balls n on the duration of transition processes at the fixed radius of the balls (r=8.5 mm is the maximum structurally permissible value) is investigated.
In this: a) the number of the balls equals to n=2; 3; 4 pcs.; b) the radius of a running track is chosen to ensure that the balancing capacity of an auto-balancer remains unchanged and equals to R=f(n, r, S AB ) [23] .
Experiment 2. The effect of the radius of the auto-balancer running track on the duration of transition processes with a fixed number n of the balls in the auto-balancer is investigated: n=4.
In this: a) the radius of the running track is equal to R=31.86, 41.60, 51.34 mm in turn; b) the radius of the balls is chosen so as to ensure the invariance of the balancing capacity of an auto-balancer, that is r=f(n, R, S AB ) [23] .
Some additional information about the experimental methods is given in the presentation of the experimental results.
The results of the parameter optimization of the centrifugal juicer with an auto-balancer under the impulse change of an unbalance by 3D modeling

1. Identification of unfavorable cases of a change of the sieve unbalance
The classification of the most unfavorable (in terms of the duration oftransition processes) changes of the sieve unbalances is carried out using the example of a two-ball auto-balancer. Such changes of an unbalance are selected, after which the balls must move the greatest distance to the new auto-balancing position.
In Fig. 7 , the most unfavorable changes of the small, medium and large unbalances of the sieve and the corresponding relative distances of the balls are shown. In the experiments, the small and medium unbalances turned by 90 о , and a large unbalance turned by 180 о .
2. Investigation of the influence of the number of the balls in an auto-balancer on the duration of transition processes (experiment 1)
For experiment 1, three auto-balancers are designed, with radiuses of the running track R=41.6 mm, R=33.65 mm, R=31.86 mm, respectively. The own multifactor experiment is conducted for each pair of the parameter values (F max , n) (9 in total). In each of them, 13 experiments were carried out. Table 2 shows the results of optimization that are the smallest values of the duration of transition processes and the values of the control factors, under which these values are obtained. The results of the virtual experiments and statistical analysis are not given, because of their cumbersomeness. Table 2 The results of optimization of the duration of transition processes with a fixed radius of the balls and the balancing capacity of an auto-balancer
No. F max , N n, pcs. The optimal stiffness value of the supports k o in all experiments is equals to 2 N/mm. In this, the quality functional may differ from the corresponding values in Table 2 [25, 26] of optimizing the parameters of the centrifugal juicer are also efficient under the impulse change of an unbalance at the rotor cruising velocity.
2. The stiffness of the supports does not practically affect the least value of the duration of transition processes. This is due to the fact that the stiffness of the supports mainly affects the frequency of free oscillations of the case and has almost no effect on the damping rate of these oscillations.
3. The optimal value of the viscosity of the supports of the centrifugal juicer is the same for almost all performed experiments and is equal to 0.045 N s/mm. The case of only the two-ball auto-balancer and the small unbalance is the exception, where the optimal value is equal to 0.003 N s/mm. This is due to the fact that under the small unbalance and high viscosity of the supports, the balls need more time to "feel" the change of an unbalance.
4. Auto-balancing comes faster with an increase of the number of the balls in an auto-balancer under any magnitude of an unbalance.
5. The optimal value of the coefficient of viscous resistance forces that prevent the relative motion of the balls, does not decrease with increasing the number of the balls and the magnitude of the sieve unbalance (for 3 and 4 balls).
6. The absolutely largest duration of transition processes is achieved under the small number of the balls (2 balls) in an auto-balancer and the small unbalance.
7. The absolutely smallest duration of transition processes is achieved under the large number of the balls (4 balls) in an auto-balancer and the small unbalance. To determine the coefficient of viscous resistance forces of the relative motion of the balls, which is the best for the entire interval of change of the sieve unbalance, an additional experiment is carried out: t tr =f(F max , n, b b )=f(15, 4, 0.0012)=0.34 s.
From the latter it follows, that the auto-balancer with 4 balls and the coefficient of viscous resistance forces of the relative motion of the balls b b =0.0012 N s/mm is the best option of an auto-balancer for balancing the centrifugal juicer on the entire range of the change of an unbalance. In this, the duration of transition processes changes from 0.34 s to 0.36 s.
8. The case of a two-ball auto-balancer is the most "unstable" in relation to the change in the magnitude of an unbalance:
-the minimal values of the quality functional, which correspond to small and large unbalances, differ by 4 times; -in this, the optimal values of the coefficient of viscous resistance forces of supports and the relative motion of the balls differ by 15 times and 4 times, respectively.
3. Investigation of the influence of the radius of the auto-balancer running track on the duration of transition processes (experiment 2)
For experiment 2, another auto-balancer is designed, for which the radius of the running track is equal to R=51.34 mm. The results of optimizing the duration of transition processes are given in Table 3 (the results of virtual experiments and also statistical analysis are not inducted). There is also no optimal value of stiffness of supports (k o =2 N/mm in all experiments). Table 3 The results of optimization of the duration of transition processes under a fixed number of the balls and the balancing capacity of the auto-balancer From the obtained results, it follows that: 1. The stiffness of the supports does not practically affect the lowest value of the duration of transition processes, as in experiment 1.
2. The duration of transition processes decreases when decreasing the radius of the running track.
3. The optimal value of viscous resistance forces of the relative motion of the balls decreases when increasing the radius of the running track.
4. The absolutely smallest duration of transition processes is achieved under a small unbalance (F max =15 N) and a small radius of the auto-balancer running track (R=31.86 mm).
5. The largest duration of transition processes is achieved under a large unbalance (F max =96 N) and a large radius of the auto-balancer running track (R=51.34 mm). -180° in the case of medium and large unbalances (and the centers of two balls on the steady motion form the central angle less than 90°), in this, each ball moves along the running track by the angle from 180°-α to 180°-γ.
2. From the results of experiments 1 and 2, it follows that the proposed methods [25, 26] for minimizing the duration of transition processes, which is validated by the run-up of the centrifugal juicer under the fixed unbalance, are also effective in the case of the impulse change of an unbalance at cruising velocity.
3. The increase of the number of the balls in an autobalancer under any magnitude of an unbalance leads to the decrease of the duration of transition processes. This is explained by the fact that:
-when there are n (n>2) balls in the auto-balancer, the (n-2)-parameter family of the steady motions appears in the rotor machine; -under the change of an unbalance, the balls make the transition between the two nearest steady motions.
The best option of the auto-balancer for balancing the centrifugal juicer on the entire range of the change of an unbalance is the auto-balancer with 4 balls and the coefficient of viscous resistance forces of the relative movement of the balls b b =0.0012 N s/mm.
The increase of the radius of the running track (under the same number of the balls and the balancing capacity of an auto-balancer) leads to the increase of the duration of transition processes. This is explained by the fact that the running track becomes less filled, and the balls need to make larger linear movements at the transition to the next steady motion.
Thus, the previously obtained theoretical results [23] about the influence of the number of correction weights in the auto-balancer and the radius of the auto-balancer running track on the duration of transition processes are confirmed.
From Table 2 , it follows that the use of the two-ball auto-balancer is extremely ineffective during auto-balancing of the impulse change of an unbalance at cruising velocity. In this, the optimal values of the parameters and the smallest value of the functional strongly depend on the magnitude of an unbalance. These values may differ by several times (from 4 to 15 times). This is explained by the fact (except for what was said in paragraph 4) that the two-ball auto-balancer almost does not "feel" small unbalances.
While in the cases of the three-ball and four-ball autobalancers, the same values are the constants or differ by no more than 20 %.
The latter confirms the previously obtained theoretical and experimental results about the significant drawbacks of using two-ball auto-balancers. Therefore, it is not recommended to use two-ball auto-balancers, both in theoretical and experimental studies of transition processes that occur in auto-balancing of the rotor machines.
4. When comparing the obtained results of optimizing the parameters of an auto-balancer and the centrifugal juicer with the corresponding results of the work [26] , obtained for run-up of the centrifugal juicer with the fixed unbalance, it follows that:
-the optimal values of the coefficients of stiffness (k o ) and viscosity (b o ) of the supports in both works practically coincide (the difference does not exceed 10 %);
-the optimal values of the coefficient of viscous resistance forces of the relative motion of the balls (b b ), obtained in [26] , are smaller than the corresponding values of this work by 30-50 %; this is explained by the fact that the runup time (2 s) is much longer than the duration of the impulse change of an unbalance (0.05 s);
-the trends in the influence of the running track radius of the auto-balancer and the number of the balls in the auto-balancer on the duration of transition processes are the same as in [26] .
The obtained results can be used: -when designing the auto-balancers for balancing on the move of machines with fast-rotating rotors;
-to improve the efficiency of auto-balancing of the centrifugal juicer during its operation.
The main drawback of the conducted studies is the possibility of using the obtained results only for static balancing of rotor machines by the ball auto-balancers. However, this drawback is compensated by the fact that the ball auto-balancers are used for auto-balancing in most cases.
In the future, similar studies are planned for other types of rotor machines.
Conclusions
3D modeling is the effective method for optimizing the parameters of the rotor machine with an auto-balancer under the impulse change of an unbalance. In the process of research, the following is established.
1. Classification of the most unfavorable changes of an unbalance is carried out. In particular, for the two-ball autobalancer, it has been found, that the unbalance turns by 90° and 180° around the rotation axis of the rotor are the most unfavorable.
2. It is shown that the methods proposed in previous works for the parameters optimization of the centrifugal juicer are also efficient in the case of minimizing the duration of transition processes under the impulse change of an unbalance at cruising velocity.
3. The effect of the auto-balancer parameters on the duration of transition processes is studied. The previously obtained theoretical results that the increase of the number of the balls and the decrease of the radius of the running track lead to the decrease of the duration of transition pro-cesses are confirmed. The dependence of the optimal values of the parameters of the centrifugal juicer and the auto-balancer on the magnitude of an unbalance is revealed. The dependence is significant only for the two-ball auto-balancer and weakens with the increase of the number of the balls in the auto-balancer. It is not recommended to use two-ball auto-balancers in practice, in theoretical and experimental studies of transition processes.
4. It is established that at the centrifugal juicer run-up with the fixed unbalance and under the impulse change of its unbalance at cruising velocity:
-the trends in the influence of the running track radius of an auto-balancer and the number of the balls on the duration of transition processes are identical; -almost all the corresponding optimal values of the parameters of the auto-balancer and the centrifugal juicer (except for the coefficient of viscous resistance forces of the relative motion of the balls) coincide;
-the optimal values of the coefficient of viscous resistance forces of the relative motion of the balls at run-up are less than the corresponding values under the impulse change of an unbalance by 35-50 %.
